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Objectives. This study sought to compare manifestations of
myocardial ischemia evoked by exercise and dobutamine echocar- 
diography in patients with left main coronary artery disease. 
Background. During exercise testing, left ventricular cavity 
dilation, marked ST segment depression and blood pressure 
decrease indicate severe coronary artery disease. Whether these 
signs are comparably evoked by dobutamine chocardiography 
has not been described. 
Methods. Fifty-four patients who underwent stress echocardi- 
ography (36 exercise, 18 dobutamine) and coronary angiography 
showing >50% left main stenosis were analyzed. Electrocardio- 
graphic and blood pressure changes, symptoms, wall motion score 
indexes and sensitivity for coronary artery disease were compared. 
In 47 patients, the left ventricular endocardium was traced to 
quantify volumes and ejection fraction. 
Results. Stress-induced regional wall motion abnormalities 
developed in 91% of patients; this was not different on exercise 
(89%) or dobutamine chocardiography (94%). Rate-pressure 
product and wall motion score index, similar at rest, tended to be 
higher after exercise than after dobutamine stress (p = 0.07 and 
p = 0.05, respectively). ST segment depression >1 mm was more 
common with exercise (p = 0.005). Ejection fraction and end- 
systolic and end-diastolic volume indexes were comparable at rest 
in both groups. With exercise, ejection fraction decreased in 87% 
of patients, and end-systolic and end-diastolic volume indexes 
increased in 80%. In contrast, with dobutamine, decreased ejec- 
tion fraction and increased volume indexes were infrequent. 
Ejection fraction was lower ([mean ± SD] 45 -+ 19% vs. 54 -+ 12%, 
p = 0.007) and end-diastolic (69 -+ 26 vs. 50 -+ 17 ml/m 2, p = 0.02) 
and end-systolic (39 + 20 vs. 24 -+ 13 ml/m 2, p = 0.02) volume 
indexes were higher after exercise than after dobutamine stress. 
Conclusions. On the basis of changes in regional wall motion, 
both dobutamine and exercise chocardiography have a compara- 
ble high sensitivity in diagnosing myocardial ischemia in left main 
coronary artery disease. However, conventional signs of severe 
myocardial ischemia, including left ventricular cavity dilation and 
marked ST segment depression, occur more often with exercise 
than with dobutamine echocardiography. 
(J Am Coll Cardiol 1996;27:1171-7) 
Stress testing is the cornerstone in the noninvasive diagnosis of 
coronary artery disease. In stress echocardiography, consid- 
ered a valuable adjunct to the standard treadmill or bicycle 
exercise test (1-6), the development or worsening of regional 
wall motion abnormalities i a sensitive marker of ischemia, 
reflecting the functional significance of coronary artery steno- 
sis (7-10). On the basis of regional wall motion abnormalities, 
the diagnostic accuracy of stress echocardiography for coro- 
nary artery disease is high (70% to 90%) (2,3,5,11-17), with a 
similar accuracy reported for both exercise (treadmill) and 
dobutamine stress echocardiography. Preliminary results of 
animal studies uggest that exercise may induce more ischemic 
myocardial dysfunction than dobutamine, which can even 
increase blood flow to ischemic zones (18). During exercise 
testing, left ventricular dilation and a markedly positive elec- 
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trocardiographic (ECG) response help to identify patients with 
severe coronary artery disease (19,20), but less is known about 
the reliability of conventional signs of myocardial ischemia 
during dobutamine stress in severe coronary artery disease. 
Few studies have compared manifestations of ischemia evoked 
by exercise and dobutamine in patients with severe coronary 
artery disease (21-23). Therefore, the objective of this study 
was to compare the ischemic manifestations of treadmill and 
dobutamine chocardiography in patients with severe coronary 
artery disease. Patients with left main coronary artery disease 
were chosen because this is the prototype of severe coronary 
artery disease, with important therapeutic and prognostic 
implications (24-26). 
Methods  
Study patients. From the stress echocardiographic data base, 
which included 5,942 patients from January 1990 to March 1994, 
all patients with left main coronary artery disease (->50% diam- 
eter stenosis) were identified who underwent clinically indicated 
stress echocardiography within 6 months of coronary angiography 
and without previous coronary artery bypass grafting or interven- 
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ing revascularization. Fifty-four patients (41 men, 13 women) 
were identified. The mean (_+SD) interval between stress echo- 
cardiography and coronary angiography was 15 + 31 days (range 
0 to 182). Mean left main coronary artery stenosis was 64 +_ 14%. 
In 30 patients (56%), the stenosis was 50% to 69%, and 46 
patients (85%) also had significant s enosis of the right coronary 
artery. Isolated left main coronary artery disease was present in 
only four patients. All patients were in sinus rhythm at the time of 
stress echocardiography. Left bundle branch block was present in 
4 patients (7%), and regional wall motion abnormalities were 
present at rest in 38 (70%). 
Treadmill exercise test. Patients fasted for 3 h before 
exercise or dobutamine stress testing. Symptom-limited stan- 
dard treadmill exercise was performed with the Bruce (29 
patients, 81%) or Naughton (7 patients, 19%) protocol. The 
treadmill exercise procedure, ECG monitoring, monitoring of 
blood pressure and heart rate and criteria for termination have 
been described elsewhere (27-29). Mean work load achieved 
was 6.0 _ 2.3 metabolic equivalents (METs). Image acquisi- 
tion time was 1.5 _+ 0.4 min. 
Dobutamine infusion protocol. Dobutamine was adminis- 
tered intravenously as described previously (4,13), using a 
maximal dose of 50/zg/kg body weight per min. The mean peak 
dobutamine dose was 34 _+ 17 txg/kg per min. The ECG, blood 
pressure and heart rate were monitored. Atropine (0.25 to 
1.0 rag) was administered to augment the heart rate in three 
patients (17%). 
Stress echocardiography. Exercise and dobutamine echo- 
cardiography were performed in the conventional manner 
(2,4,13,28,29); exercise images were obtained immediately 
after treadmill exercise. Quad-screen cine-loop images (para- 
sternal ong-axis, parasternal short-axis, apical four-chamber 
and apical two-chamber views) were obtained with digital 
echocardiography (30) and videotape r cording. Regional wall 
motion was assessed semiquantitatively b consensus of two 
experienced echocardiographers who were unaware of the 
findings of coronary angiography. Interpretation was based on 
review of both quad-screen images and videotape recordings, 
using the 16-segment model, as proposed by the American 
Society of Echocardiography (31). 
Each segment was assigned to one of the three coronary 
artery distributions (31). The left anterior coronary artery 
distribution i cluded anteroseptum, anterior and anterolateral 
walls, the apex and the midsegment of the inferoseptum. The 
left circumflex coronary artery included the inferolateral seg- 
ments. The right coronary artery included the inferoseptal base 
and the inferior segments. Multivessel ischemia or multivessel 
coronary artery disease was defined as involving the territory of 
two or more coronary arteries. 
Stress-induced changes of left ventricular volume and ejec- 
tion fraction were performed with the quantification program 
of the Dextra D-200 Cardiac Analysis System. Left ventricular 
endocardial contours were traced manually. Ejection fraction 
and end-systolic and end-diastolic volumes were calculated 
with the apical biplane modified Simpson's method (31). 
Volume indexes were obtained by dividing left ventricular 
volume by body surface area. 
Definition of markers of ischemia. The ECG response was 
graded as isehemic, nondiagnostic ornegative. When the baseline 
ECG was normal, test results were considered positive for isch- 
emia if there was ->1 mm flat or downsloping ST depression 
measured 80 ms after the J point. Test results were considered 
markedly positive if ST segment depression was ->2 ram. Typical 
chest pain occurring during the test was considered angina 
pectoris even in the absence of other signs of ischemia. 
In the echocardiographic assessment of regional wall mo- 
tion according to its thickening and motion, each segment was 
assigned ascore from 1 to 4:1 = normal; 2 = hypokinesia; 3 = 
akinesia; and 4 = dyskinesia. Failure to develop hyperdynamic 
function or the development of new or worsening wall motion 
abnormalities was interpreted as an ischemic response. Wall 
motion abnormalities that remained fixed with stress were 
considered torepresent infarcted tissue. The wall motion score 
index was calculated as the sum of the score divided by the 
number of visualized segments. 
Coronary angiography. Coronary angiography was per- 
formed by standard Judkins (32) methods. The degree of 
stenosis was assessed visually by consensus of two experienced 
angiographers unaware of the findings of stress echocardiog- 
raphy. Significant stenosis was defined as ->50% narrowing of 
the lumen diameter of the left main coronary artery or any 
other major coronary artery. 
Statistical analysis. Sensitivity for coronary artery disease 
was defined as the presence of at least one abnormal segment 
at rest or at peak stress (or both). Data are expressed as mean 
value -- SD for continuous variables and as percentages for 
dichotomous or qualitative variables. The Student  test was 
used to compare the mean values of the continuous variables. 
Before and after comparisons were based on the paired sample 
t test. A significance l vel of 0.05 was used. 
Resu l ts  
Clinical characteristics. The 18 patients who underwent 
dobutamine e hocardiography (dobutamine group) and the 36 
who underwent treadmill echocardiography (treadmill group) 
did not differ in age, gender, incidence of hypertension, diabetes 
mellitus, hypeflipidemia (total cholesterol >200 mg/dl or receiv- 
ing treatment) or other clinical or angiographic variables (Table 
1). The frequency of past or present smoking was higher in the 
dobutamine group (p = 0.02). The patients in the dobutamine 
group were unable to perform treadmill exercise testing because 
of claudication, orthopedic limitation, lung disease or debility. 
Exercise chocardiography. Common reasons for termina- 
tion of the exercise t st were fatigue (14 patients, 39%), shortness 
of breath (13 patients, 36%) and angina (6 patients, 17%). A 
decrease in blood pressure by 34 to 36 mm Hg to a systolic 
pressure of 110 to 140 mm Hg was the reason for termination of 
the test in three patients (8%), all of whom had concomitant ECG 
signs of ischemia. Target heart rate (85% of predicted age- 
adjusted maximal heart rate) was achieved in 17 patients (47%). 
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Table 1. Clinical and Angiographic Findings in 54 Patients With 
Left Main Coronary Artery Disease Undergoing Dobutamine or 
Exercise Echocardiography 
Echocardiography 
Dobutamine Exercise p 
(n = 18) (n = 36) Value 
Age (yr) 69 _+ 10 70 -- 8 0.79 
Female/male (no.) 5/13 8/28 0.66 
Diabetes mellitus 5 (28) 8 (22) 0.66 
Hypertension 11 (61) 15 (42) 0.18 
Hyperlipidemia 12 (67) 17 (47) 0.18 
History of smoking 13 (72) 14 (39) 0.02 
History of MI 7 (39) 11 (31) 0.54 
Medication 
Beta-blockers 3 (17) 10 (28) 0.38 
Ca channel antagonists 9 (50) 19 (53) 0.85 
Nitrates 4 (22) 11 (31) 0.47 
Coronary angiography 
Other vessels diseased 2.6 ± 0.6 2.5 ± 0.8 0.28 
% diameter LMCA stenosis 61 + 11 65 ± 15 0.21 
LAD stenosis 15 (83) 26 (72) 0.38 
LCx stenosis 13 (72) 23 (64) 0.55 
RCA stenosis 17 (94) 29 (81) 0.18 
RWMA at rest 6 (33) 10 (28) 0.68 
WMSI at rest 1.31 ± 0.32 1.40 ± 0.47 0.42 
Data presented are mean value ± SD or number (%) of patients. Ca = 
calcium; LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; LMCA = left main coronary artery; MI = myocardial infarc- 
tion; RCA - right coronary artery; RWMA = regional wall motion abnormal- 
ities; WMSI - wall motion score index. 
Dobutamine chocardiography. The reasons for terminat- 
ing the dobutamine test were as follows: target heart rate in 
seven patients (39%), peak dobutamine dose in four (22%) 
and worsening regional wall motion in three (17%). A de- 
crease in blood pressure that required interrupting the test 
occurred in only two patients (11%): Systolic blood pressure 
decreased from 96 to 70 mm Hg in one patient and from 124 
to 81 mm Hg in the other. The ECG was nondiagnostic for 
ischemia in both patients. Nonsustained ventricular tachycar- 
dia was the reason for terminating the test in two patients 
(11%). Target heart rate was achieved in eight patients (44%). 
Heart rate, systolic blood pressure and rate-pressure prod- 
uct responses measured uring exercise and dobutamine cho- 
cardiography are shown in Table 2. Although peak heart rate 
was not significantly different with the two forms of stress, peak 
rate-pressure product tended to be lower in the dobutamine 
group than in the treadmill group (14,548 _+ 4,670 vs. 17,878 _ 
6,607, p = 0.07). 
Complications of stress testing. In one patient in whom 
the exercise echocardiogram was markedly positive for isch- 
emia, transient atrial fibrillation developed in the recovery 
phase. Nonsustained ventricular tachycardia occurred with 
exercise in two patients and with dobutamine in three, but it 
did not require treatment. One patient with a markedly 
positive dobutamine chocardiogram had sustained ventricular 
tachycardia in the recovery phase treated successfully with 
Table 2. Comparison of Hemodynamic Variables Measured in 54 
Patients During Dobutamine and Exercise Echocardiography 
Echocardiography 
Dobu!amine Exercise p 
(n = 18) (n = 36) Value 
HR 
Rest (beats/min) 74 +_ 12 76 _+ 13 0.61 
Stress (beats/min) 120 _+ 19 125 ± 23 0.43 
Target HR achieved* 8 (44) 17 (47) 0.57 
RPP 
Rest 10,110 + 2,484 10,453 ± 2,816 0.67 
Stress 14,548 ± 4,670 17,878 ± 6,607 0.07 
SBP (mm Hg) 
Rest 136 ± 24 140 ± 24 0.58 
Stress 123 -- 35 142 ± 39 0.09 
Change -15 -- 28 3 ± 34 0.06 
*Eighty-five percent of age-adjusted maximal heart rate (HR). Data pre- 
sented are mean value _+ SD or number (%) of patients. RPP - rate-pressure 
product; SBP = systolic blood pressure. 
esmolol and lidocaine. In another patient, a bolus of esmolol 
was administered intravenously because of extensive regional 
wall motion abnormalities. A new left bundle branch block 
developed at peak dobutamine infusion in a patient with 
multiple resting and stress-induced wall motion abnormalities. 
There was no occurrence of prolonged ischemia, myocardial 
infarction or death. 
Comparison of ischemic response. The signs of myocardial 
ischemia during dobutamine and exercise echocardiography 
are compared in Table 3. The ECG response was positive for 
ischemia in 27 patients (50%), nondiagnostic because of 
digoxin therapy or rest ST-T wave abnormalities in 23 (43%) 
and negative for ischemia in 4 (7%). The ECG response was 
positive significantly more frequently in the exercise group 
(64% vs. 22%, p = 0.005). A markedly positive ECG (->2 mm) 
was also observed more frequently in the exercise group (42% 
vs. 11%, p = 0.02). In the 13 patients with a negative or 
nondiagnostic exercise ECG response, the work load achieved 
tended to be lower than that in patients with an ECG response 
Table 3. Comparison of Signs of Myocardial Ischemia in 54 Patients 
During Dobutamine and Exercise Echocardiography 
Echocardiography 
Dobutamine Exercise p 
(n = 18) (n = 36) Value 
Positive ECG response 
ST depression ->1 mm 4 (22) 23 (64) 0.005 
ST depression ->2 mm 2 (11) 15 (42) 0.02 
SBP decrease >20 mm Hg 9 (50) 15 (42) 0.57 
Angina pectoris 9 (50) 11 (31 ) 0.l 7 
RWMA 
Inducible RWMA 17 (94) 33 (89) 0.52 
WMSI at peak 1.65 _+ 0.43 1.95 ± 0.55 0.05 
Data presented are mean value ± SD or number (%) of patients. ECG = 
electrocardiographic; SBP = systolic blood pressure; other abbreviations as in Table 1. 
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that was positive for ischemia (5.4 _+ 2.8 vs. 6.3 _+ 2.0 METs, 
p = 0.25). After exclusion of one patient who achieved 13.5 
METs, the difference was significant (4.7 +_ 1.4 vs. 6.3 _+ 2.0 
METs, p = 0.02). In 11 of these 13 patients, the work load was 
-<6 METs. Most of these patients (11 [85%] of 13) had no 
angina with exercise. 
A decrease insystolic blood pressure ---20 mm Hg occurred 
in a comparable proportion of patients in the treadmill and 
dobutamine groups. The development of angina pectoris dur- 
ing the stress test was not significantly different in the two 
groups. 
New or worsening regional wall motion abnormalities con- 
sistent with ischemia developed in 49 patients (91%) and were 
not significantly different (p = 0.52) between the exercise 
group (89%) and the dobutamine group (94%). The localiza- 
tion of ischemia based on distribution of wall motion abnor- 
malities was as follows: ischemia in multiple territories, 28 
patients (52%); ischemia ttributed to the territory of the left 
anterior descending coronary artery, 12 patients (22%); and 
ischemia of the territory of the left circumflex or right coronary 
artery, or both, 9 patients (17%). Dobutamine and exercise 
echocardiography were comparably effective in recognizing 
multivessel ischemia (p = 0.45). Multivessel coronary artery 
disease, including fixed abnormalities at rest, was diagnosed in
41 patients (76%). Any fixed abnormality or ischemic response 
(or both) was present in 53 patients (98%). The wall motion 
score index at rest was comparable in the dobutamine and 
exercise groups, but with stress, it was significantly higher in 
the exercise group (p = 0.05) (Table 3). 
In five patients (four in the exercise group and one in the 
dobutamine group), ischemic wall motion abnormalities were 
not induced. Left main coronary artery disease was associated 
with three-vessel disease in three patients, with two-vessel 
disease in one patient, and with no other lesion in one patient. 
The percent diameter of left main coronary artery stenosis was 
not significantly different in these five patients compared with 
the 49 patients in whom ischemia was demonstrated (59% vs. 
64%, p = 0.43). None of the five patients had angina during 
stress echocardiography. The ECG response was negative in 
two of the patients and nondiagnostic in the other three. Image 
quality was severely reduced in two patients. Left bundle 
branch block was present in one patient (exercise group). 
Three of the five patients (60%) were taking beta-adrenergic 
blocking drugs. The stress echocardiographic response was 
falsely negative for ischemia in 23% of patients taking beta- 
blockers compared with 5% of patients not taking beta- 
blockers (p = 0.05). In the four patients with a negative 
exercise chocardiographic response, the work load and rate- 
pressure product achieved tended to be lower than in patients 
with a positive response (4.8 _+ 3.7 vs. 6.2 _+ 2.1 METs, p = 
0.28, and 13,354 _+ 2,945 vs. 18,444 _+ 6,744, p = 0.15, 
respectively). Image acquisition time was not significantly 
different in the four patients with a negative response on 
exercise chocardiography (81 _+ 10 vs. 92 - 27 s, p = 0.48). In 
the patient with negative findings on dobutamine echocardi- 
ography, peak heart rate was only 99 beats/rain because of 
Table 4. Comparison of Volumetric Response During Stress in 47 
Patients During Dobutamine and Exercise Echocardiography 
Echocardiography (mean _+ SD) 
Dobutamine Exercise p 
(n = 17) (n - 30) Value 
ESVI (ml/m 2) 
Rest 30 _+ 14 30 -+ 20 0.68 
Stress 24 + 13 39 + 20 0.02 
EDVI (ml/m 2) 
Rest 58 + 18 60 _+ 27 0.72 
Stress 50 _+ 17 69 _+ 26 0.02 
EF (%) 
Rest 50 _+ 13 52 _+ 12 0.83 
Stress 54 + 12 45 _+ 19 0.007 
Decrease in EF 5 (29) 26 (87) 0.0001 
Increase in ESVI 2 (12) 24 (80) 0.0001 
Increase in EDVI 2 (12) 24 (80) 0.0001 
EDVI end-diastolic volume index; EF = ejection fraction; ESVI = 
end-systolic volume index. 
treatment with a beta-blocker. Atropine was not injected 
because of glaucoma. Four of the five patients had fixed 
regional wall motion abnormalities at rest, which were consis- 
tent with multivessel coronary artery disease in two patients. 
Coronary angiography was performed in these five patients 
because the clinical impression or the fixed abnormalities at
rest (or both) suggested severe coronary artery disease. 
Volumetric response to stress. Manual tracing of the left 
ventricular endocardium was feasible in 47 patients (30 in the 
exercise group, 17 in the dobutamine group). At rest, the 
ejection fraction and end-systolic and end-diastolic volume 
indexes were comparable in the exercise and dobutamine 
groups (Table 4). However, with stress, the ejection fractions 
and volume indexes were significantly different for the two 
groups, as summarized in Table 4 and depicted in Figure 1. 
Discuss ion 
Dobutamine echocardiography hasbecome widely used for 
evaluation of coronary artery disease in patients who are 
unable to exercise. On the basis of qualitatively assessed 
changes of regional wall motion, dobutamine echocardiogra- 
phy achieves a diagnostic accuracy similar to that of exercise 
echocardiography (17). However, dobutamine, a synthetic 
catecholamine with predominately betaL agonist effects, may 
be expected to have different hemodynamic effects than exer- 
cise. Therefore, the manifestations of ischemia induced by 
dobutamine may differ from those induced by exercise. In 
preliminary experimental studies in dogs with coronary steno- 
sis (18), exercise stress caused more myocardial dysfunction 
than dobutamine stress. These studies suggested that stress 
with dobutamine may differ from that with exercise in the 
ability to provoke ischemia. 
Manifestations of ischemia. The results of the present study 
indicate that in patients with left main coronary artery disease-- 
the prototype of severe coronary artery disease--the manifesta- 
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Figure 1. Split-screen image of apical two- 
chamber view at end-systole comparing volumet- 
ric changes during (A) dobutamine echocardiog- 
raphy and (B) exercise chocardiography. Rest 
images are on the left, and stress images are on 
the right. A, In a 75-year old man with left main 
and three-vessel coronary artery disease, jection 
fraction increased (from 46% to 50%), and left 
ventricular volumes decreased (end-diastolic vol- 
ume from 154 to 108 ml; end-systolic volume from 
75 to 57 ml) during dobutamine echocardiogra- 
phy. B, In a 68-year old man with left main and 
two-vessel coronary artery disease, jection frac- 
tion decreased (from 59% to 44%), and left 
ventricular volumes increased (end-diastolic vol- 
ume from 97 to 131 ml; end-systolic volume from 
38 to 73 ml) with exercise echocardiography. 
tions of ischemia induced by exercise and dobutamine stress are 
different. Conventional signs of myocardial ischemia (ECG 
changes, decrease inejection fraction and increase in left ventric- 
ular volume indexes) were observed significantly more often in 
the treadmill than in the dobutamine group. The wall motion 
score index, which was comparable inthe two groups at rest, was 
significantly higher in the treadmill group after stress. Only angina 
occurred with similar frequency during treadmill and dobutamine 
echocardiography. The extent of decrease inblood pressure was 
more pronounced with dobutamine stress, but angina and de- 
creased blood pressure may both be caused by the infusion of 
dobutamine itself and may not be correlated with underlying 
severe coronary artery disease (33). 
A decrease in ejection fraction during exercise is well 
recognized as a sign of severe coronary artery disease. Free- 
man et al. (21) observed a significant decrease in ejection 
fraction in 66% of patients with left main coronary artery 
disease undergoing exercise radionuclide angiography. In the 
present study, 87% of patients in the treadmill group had a 
decrease in ejection fraction; only 29% of the patients in the 
dobutamine group had a decrease in ejection fraction. There- 
fore, a decrease in ejection fraction during dobutamine echo- 
cardiography is not a sensitive sign for severe coronary artery 
disease. 
Left ventricular cavity dilation during stress testing is also 
recognized as an indicator of severe coronary artery disease 
(34-36). Left ventricular cavity dilation occurred in 80% of the 
patients in the treadmill group and, thus, was a reliable sign for 
severe coronary artery disease. In comparison, left ventricular 
cavity dilation was rare in the dobutamine group, occurring in 
only two of the patients (12%); it is also reportedly rare in 
dipyridamole-thallium scintigraphy (35). Normally, dobut- 
amine infusion causes an increase in ejection fraction and a 
decrease in end-systolic (by 33%) and end-diastolic volumes 
(by 15%) (37) because of its inotropie ffect and the decrease 
in systemic vascular esistance. P6rez et al. (37) and Olson et 
al. (38) first noted that an abnormal end-diastolic volume 
response (defined as a decrease of <15%) during dobutamine 
stress can be a sign of extensive coronary artery disease; an 
abnormal response of the end-systolic volume was observed 
less frequently (38). This differs from our observation that 
end-systolic and end-diastolic volumes behaved similarly. This 
difference might be related to the difficulty in recognizing the 
endocardial border in echocardiography, a difficulty that is 
especially pronounced at end-systole. In the present study, 
volumetric hanges were quantitated in only 87% of the 
patients in whom manual drawing of the endocardial border 
was feasible at end-diastole and end-systole. 
In patients with left main coronary artery disease, treadmill 
stress may cause greater severity of myocardial ischemia, as 
assessed by several indicators of ischemia, than dobutamine 
stress. This difference could be explained by the following: 
1) Because dobutamine does not augment the systolic blood 
pressure and, thus, the rate-pressure product, as exercise does, 
the myocardial oxygen consumption may be less with dobut- 
amine. 2) Dobutamine reduces peripheral resistance; conse- 
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quently, a decrease in left ventricular volume is noted with 
dobutamine. This diminishes left ventricular wall tension and 
myocardial oxygen consumption. 
Sensitivity. Little has been reported on the sensitivity of 
stress echocardiography in left main coronary artery disease. 
To date, the only study has been with dipyridamole chocar- 
diography; the reported sensitivity was 93% (39). The results of 
the present study show that both dobutamine and exercise 
echocardiography ave a similar high sensitivity, as based on 
the presence of changes of regional wall motion, although the 
poststress wall motion score index was higher for exercise than 
for dobutamine stress. In this population with left main coronary 
artery disease, the sensitivity of rest or stress-induced regional 
wall motion abnormalities for detection of coronary disease was 
98%. Stress-induced wall motion abnormalities occurred in 91% 
of patients. This is comparable to the 93% reported for dipyrid- 
amole echocardiography (39) and to the 67% to 100% for nuclear 
stress imaging modalities (21,40,41). All are higher than the 
sensitivity reported for treadmill exercise ECG, which ranges 
between 50% and 88% (20,40,42). Clinically relevant was the 
observation that no myocardial ischemia was inducible in 5 of the 
54 patients (9%) with left main stenosis. Our analysis howed that 
false-negative studies occurred significantly more often in patients 
taking beta-blockers and were associated with a lower rate- 
pressure product. 
Safely. Severe complications did not occur during stress 
testing in any of those patients with left main coronary artery 
disease. In the largest published study on the side effects of 
dobutamine echocardiography, Mertes et al. (43) reported that 
ventricular tachycardia (->3 beats) occurred in 4.2% of 1,118 
patients. Of the patients reported herein, ventricular tachycar- 
dia was observed in 22% of those in the dobutamine group and 
in 5.6% of those in the exercise group. Therefore, the fre- 
quency of ventricular tachycardia seems increased in patients 
with left main coronary artery disease undergoing dobutamine 
echocardiography. In the present study, stress echocardiogra- 
phy was terminated in9% of the patients because of a decrease 
in blood pressure; this is in comparison with the 3.2% reported 
by Mertes et al. (43) for patients undergoing dobutamine 
echocardiography. Otherwise, no severe side effects were 
observed. Therefore, dobutamine and exercise chocardiogra- 
phy can be considered safe for patients with left main coronary 
artery disease, as also reported for dipyridamole echocardiog- 
raphy (39). 
Implications for daily practice. Whereas the assessment of 
regional wall motion changes can be used similarly in inter- 
preting the results of exercise and pharmacologic stress echo- 
cardiography, additional signs of myocardial ischemia re reliable 
and helpful only in exercise chocardiography. ST segment de- 
pression in the ECG is infrequent, and a decrease in the ejection 
fraction and an increase in left ventricular volume are uncommon 
or less pronounced with dobutamine stress than with exercise 
echocardiography. The abnormal response for these variables, 
which has been defined using exercise testing, may require 
redefinition for dobutamine choeardiography (37,38). In pa- 
tients able to perform an exercise test, treadmill echocardiogra- 
phy should be preferred to dobutamine echocardiography. 
Study limitations. This was a retrospective study and not 
prospectively designed so that patients had both exercise and 
dobutamine chocardiography. However, the exercise and 
dobutamine groups were comparable with regard to clinical 
and angiographic variables. Furthermore, the differences inthe 
change in left ventricular volume, ejection fraction and ECG 
were so striking that they appear to represent a true difference. 
The study was not intended to compare the sensitivity of the 
stress ECG with the sensitivity of the stress imaging tests. As 
indicated, 43% of the patients had a n0ndiagnostic response on 
the stress ECG. 
The posttest referral bias may have increased the sensitivity, 
because patients with positive findings on stress echocardiog- 
raphy were more likely to be referred for angiography. Refer- 
ral patterns for coronary angiography are altered according to 
the results of the noninvasive tests (44). However, the objective 
of this study was not to determine sensitivity but to compare 
the signs of ischemia in exercise and dobutamine echocardiog- 
raphy in this cohort with severe coronary artery disease. 
In the present study, the severity of coronary artery narrow- 
ing was assessed by visual estimate. Although the accuracy of 
this method of assessing coronary artery stenosis is limited 
(45), it is the most widely used method and is the routine 
practice at this institution. 
Conclusions. Dobutamine and exercise chocardiography 
both are feasible and safe in assessing left main coronary artery 
disease. In 76% of the patients tudied, multivessel coronary 
artery disease was suspected. However, stress echocardio- 
graphic results can occasionally be negative for ischemia in 
patients with left main artery disease, especially in patients 
taking beta-blockers. Certain signs of myocardial ischemia-- 
left ventricular cavity dilation, a decrease in ejection fraction 
and ECG changes--occurred significantly more frequently 
with exercise than with dobutamine chocardiography. In 
exercise chocardiography, left ventricular cavity dilation and 
decrease in ejection fraction have satisfactory sensitivity for 
detecting severe coronary artery disease and can be used as an 
adjunct in interpreting studies. In contrast, during dobutamine 
echocardiography, conventional signs of myocardial ischemia, 
including ST segment depression and left ventricular cavity 
dilation, were uncommon; therefore, the detection of ischemia 
was based almost entirely on regional wall motion abnormali- 
ties. Despite these differences, on the basis of changes of 
regional wall motion, dobutamine and exercise chocardiogra- 
phy both have a high, comparable sensitivity for detection of 
coronary artery disease in patients with left main coronary 
artery disease. 
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